Common scab disease on root and tuber plants is caused by Streptomyces scabies and related 2 3 3 1 tested. Its inactivation resulted in a phenotype opposite to what was expected as we monitored 3 2 reduced production of thaxtomin when the mutant was cultivated on media containing cello-3 3 oligosaccharides as unique carbon source. This unexpected phenotype could be attributed to 3 4 the highly increased activity of alternative intracellular BGs, probably as a compensation of 3 5 bglC inactivation, which then prevented cellobiose and cellotriose accumulation to reduce the 3 6 activity of CebR. In contrast, when the bglC null mutant was cultivated on media devoid of 3 7 cello-oligosaccharides it instead constitutively produced thaxtomin. This observed 3 8 hypervirulent phenotype does not fit with the proposed model of the cello-oligosaccharide-3 9 mediated induction of thaxtomin production and suggests that the role of BglC in the route to 4 0 the pathogenic lifestyle of S. scabies is more complex than currently presented. 4 1 3
1 0 1 (lactose, saccharose, maltose, threhalose, and turanose). Samples collected after increasing 1 0 2 incubation times were spotted on a thin layer chromatography plate and revealed that 6His-1 0 3
BglC was able to generate glucose from cellobiose and all other cello-oligosaccharides tested 1 0 4 ( Fig. 2C ). 6His-BglC was not able to release glucose from disaccharides unrelated to cellulose 1 0 5 except for lactose though with much lower efficiency compared to cellobiose or any of the 1 0 6 other cello-oligosaccharides (data not shown). If BglC displayed activity in vitro against 1 0 7 (Glc) 4 , it is unlikely to occur inside the cytoplasm as the extracellular ABC transporter In order to ascertain that BglC is indeed involved in the catabolism of (Glc) 2 and (Glc) 3 in 1 1 3 vivo, we assessed if its expression/production in S. scabies is under the control of the cellulose 1 1 4 utilization repressor CebR. Quantitative reverse transcription PCR (qPCR) was performed on 1 1 5 6 RNA extracted from the wild-type strain of S. scabies, 87-22, and its cebR deletion mutant, 1 1 6 Δ cebR, grown on ISP-4. This revealed that the deletion of cebR resulted in an 85-fold (wild-1 1 7 type 0.025 vs. cebR mutant 2.13) overexpression of bglC (Fig. 3A ). In addition, targeted LC-1 1 8
MRM analysis allowed evaluation of the effect of the deletion of cebR as well as the presence 1 1 9
of cellobiose on BglC production in S. scabies. Quantitative analyses of two specific tryptic 1 2 0 peptides of BglC (LVDELLAK and TDPVASLR) showed that the protein was more abundant Since we demonstrated that bglC/BglC i) is induced by cello-oligosaccharides, and ii) BglC influenced the production levels of thaxtomin A and as a consequence virulence of S. scabies. We generated a bglC null-mutant (ΔbglC) by replacing orf scab57721 by the To tentatively explain the reduced thaxtomin A production as a result of the inactivation of grown for 24 hours in MM supplemented with either 500 µM of (Glc) 2 or (Glc) 3 as the sole longer than for the wild-type ( Fig. 5A ). This delayed import and consumption could possibly 1 5 6 postpone the production of thaxtomin A in the bglC mutant but should not be responsible for 1 5 7
the observed massive reduction of production of the phytotoxin. Concomitantly to the measurements of the cello-oligosaccharide consumption, we assessed the cellobiose-containing medium at the beginning of the culture, the activity of the mutant 1 6 7 strain increased dramatically after 3 hpi ( Fig. 5B ). At the end of the experiment, the wild-type 1 6 8 strain presented only a slight increase in BG activity reaching merely one third of the overall 1 6 9 BG activity displayed by the bglC null mutant (Fig. 5B) . The corresponding activities 1 7 0 measured in cellotriose-containing medium were more similar for both strains at the 1 7 1 beginning of the culture but the bglC null mutant presented a BG activity that was about 4 1 7 2
times higher than that of the WT at 24 hpi ( Fig. 5C ). This delay in the response of the BG That the bglC null mutant displayed a much higher overall BG activity would result in a more source. Similar reduced thaxtomin A production levels were also observed when assays were 1 8 9
performed on solid MM. When inoculated on MM with cellobiose as sole carbon source 1 9 0 9 (TDMc, Fig. 6 ), the Δ bglC mutant displayed a growth delay during the first 24h consistent 1 9 1
with the absence of a major cellobiose hydrolyzing enzyme. When incubated for a longer 1 9 2 period, growth is recovered but the Δ bglC strain cannot reach the level of thaxtomin produced 1 9 3
by the wild-type in TDMc as previously described in liquid minimal medium (Fig. 4A ). The capability of the mutant to produce thaxtomin A was also monitored on a series of solid 1 9 8 media amongst which the complex OBA medium that naturally contains cello- further increased thaxtomin production suggesting that the bglC mutant could have partially 2 0 3 lost its capacity to respond to cellobiose when other carbon sources are available (Fig. 6B ).
0 4
Surprisingly, the bglC mutant also overproduced thaxtomin A when inoculated on ISP4 2 0 5 medium deprived of cello-oligosaccharides as nutrient sources (Fig. 6) . In order to ascertain 2 0 6 the validity of this unexpected phenotype, the mutant was complemented by introducing 2 0 7 plasmid pIMF001 (Table 1) containing the bglC gene with its promoter into the Δ bglC mutant 2 0 8
isolates. Complementation of Δ bglC restored the wild-type phenotype when bacteria were 2 0 9 streaked out on ISP-4 ( Fig. S3 ) demonstrating that the observed alteration in thaxtomin 2 1 0 production was indeed caused by the deletion of the bglC (scab_57721) gene and not due to a Since Δ bglC showed constitutive production of thaxtomin A, its virulence capacity was 2 1 5 evaluated on Arabidopsis thaliana and radish seedlings. No different outcome was observed 2 1 6 between radish seedlings infected with the wild-type or the mutant (Fig. 7A ). However, since 2 1 7 the outcome of the radish assay is mostly influenced by the effect of thaxtomin on the plant's 2001), it is hard to see any difference between the production levels of the wild-type and a 2 2 0 potential thaxtomin overproducer using radish as host. Assays were also performed using when thaxtomin was extracted from the agar-water support with the radish seedlings, a 2 2 4 significantly higher concentration of thaxtomin A was measured for the assays done with the 2 2 5 Δ bglC isolates compared to the wild-type strain (Fig. S4) . The use of A. thaliana (ecotype 2 2 6
Col-0) as the plant model revealed to be more suitable for monitoring hypervirulent 2 2 7 phenotypes than radish seedlings as previously observed for the cebR mutant which also Skoog (MS) agar were inoculated with spores of S. scabies 87-22 (wild-type) and its Δ bglC 2 3 0 mutant. After 7 days of growth, seedlings inoculated with the bglC mutant presented stronger 2 3 1 growth and developmental defects compared to those inoculated with the wild-type strain 2 3 2 ( Fig. 7B ). Closer inspection of individual plants revealed stronger root and shoot stunting as a 2 3 3 consequence of the bglC deletion (Fig. 7B ). In this work we demonstrated that the protein encoded by the gene scab57721 located Finally, the most striking phenotype observed for the Δ bglC strain was the loss of the 2 5 5 cellobiose-dependent induction of thaxtomin and thus the constitutive thaxtomin production 2 5 6
in complex media devoid of eliciting cellulose-related sugars (Fig. 6 ). That this mutant is able 2 5 7
to produce thaxtomin without the presence of the inducing molecules is difficult to explain 2 5 8
based on the current model of the induction pathway of thaxtomin production and suggests 2 5 9
that the role of BglC in the induction of S. scabies pathogenicity involves mechanisms that coding region and the upstream region (379 bp) harboring the promoter was generated by 3 0 0 PCR using primers with engineered XbaI sites (Table 1) and cloned into pCR TM -BluntII- 2005) resulting in plasmid pIMF001 (Table 1) . Complementation constructs, as well as the 3 0 4 empty pAU3-45 plasmid, were introduced into three bglC mutant isolates through 3 0 5
intergeneric conjugation similar to the gene deletion process as described previously (Francis RNA was prepared from 72-h-old mycelia grown on ISP-4 plates at 28°C using the RNeasy bglC specific internal primers imf302 and imf303 were used to quantify the expression levels 3 1 4
of the bglC gene (Table 1 ). The murX, hrdB, and gyrA genes were used to normalize the 3 1 5 amount of RNA in the samples (Joshi et al., 2007) . Each measurement was performed in 3 1 6 triplicate with three different cebR mutant isolates. S. scabies 87-22 and its cebR null mutant were grown on ISP-4 plates with or without a 0.7% 3 2 0 cellobiose supply. The mycelium was collected after 48 hours of incubation at 28°C, and 3 2 1 resuspended in 50 mM NH 4 HCO 3 buffer (pH 7.5). Crude intracellular extracts were obtained 3 2 2
after sonication of the mycelium as described previously (Jourdan et al., 2016) . Sample and LC-MRM analysis were performed as previously described (Jourdan et al., 2016) . The relative enzyme activity was determined using p-nitrophenyl-β-D-glucopyranoside (p- The cleavage ability of BglC was tested against different cello-oligosaccharides (cellobiose, Monitoring of cellobiose and cellotriose consumption and glucose production 3 5 5
Glucose, cellobiose, and cellotriose consumption measurements were performed by HPLC 
